In the field of target detection, the simulation of the camera FOV (field of view) background is a significant issue. The presence of heterogeneous clouds might have a strong impact on a target detection algorithm. In order to address this issue, we present here the construction of the CERAMIC package (Cloudy Environment for RAdiance and MIcrophysics Computation) that combines cloud microphysical computation and 3D radiance computation to produce a 3D atmospheric infrared radiance in attendance of clouds.
The input of CERAMIC starts with an observer with a spatial position and a defined FOV (by the mean of a zenithal angle and an azimuthal angle). We introduce a 3D cloud generator provided by the French LaMP for statistical and simplified physics. The cloud generator is implemented with atmospheric profiles including heterogeneity factor for 3D fluctuations. CERAMIC also includes a cloud database from the French CNRM for a physical approach. We present here some statistics developed about the spatial and time evolution of the clouds. Molecular optical properties are provided by the model MATISSE (Modélisation Avancée de la Terre pour l'Imagerie et la Simulation des Scènes et de leur Environnement).
The 3D radiance is computed with the model LUCI (for LUminance de CIrrus). It takes into account 3D microphysics with a resolution of 5 cm -1 over a SWIR bandwidth. In order to have a fast computation time, most of the radiance contributors are calculated with analytical expressions. The multiple scattering phenomena are more difficult to model. Here a discrete ordinate method with correlated-K precision to compute the average radiance is used. We add a 3D fluctuations model (based on a behavioral model) taking into account microphysics variations. In fine, the following parameters are calculated: transmission, thermal radiance, single scattering radiance, radiance observed through the cloud and multiple scattering radiance.
Spatial images are produced, with a dimension of 10 km x 10 km and a resolution of 0.1 km with each contribution of the radiance separated. We present here the first results with examples of a typical scenarii. A 1D comparison in results is made with the use of the MATISSE model by separating each radiance calculated, in order to validate outputs. The code performance in 3D is shown by comparing LUCI to SHDOM model, referency code which uses the Spherical Harmonic Discrete Ordinate Method for 3D Atmospheric Radiative Transfer model. The results obtained by the different codes present a strong agreement and the sources of small differences are considered. An important gain in time is observed for LUCI versus SHDOM. We finally conclude on various scenarios for case analysis.
INTRODUCTION
In the fields of early warning, one is depending on reliable image exploitation: Only if the applied detection and tracking algorithms work efficiently, the threat approach alert can be given fast enough to ensure an automatic initiation of the countermeasure. The performance of modern EO early warning systems is predominantly dependent on the prevailing environmental conditions. Atmosphere may limit observation ranges and the resolution of images. In [2] and [19] an overview on the limiting factors (atmospheric transmission, turbulence and refraction) is given. In order to evaluate the performance of the detection and tracking algorithms for a certain electro-optical (EO) sensor system, test sequences need to be modelled as realistic and detailed as possible [1] , hence the Infrared (IR) scene simulation has become an indispensable tool. Especially in cases, where measured data is not sufficient enough to represent the entire variation of environmental conditions over a long period of time, one has to rely on such comprehensive simulation tools like MATISSE.
A special challenge for detection and tracking algorithms is given considering the presence of clouds: The incident radiance is absorbed and scattered on and in the cloud layers, whereat the intensity of absorption and scattering is depending on the cloud type and the cloud altitude. Given a certain observation geometry, the sunlit clouds may backscatter into the direction of the sensor and could either lead to false alarms or "outshine" the signal of a target positioned between sensor and cloud. Hence, a special focus on the simulation of heterogeneous clouds is essential to model test sequences as realistic as possible.
The French Aerospace lab ONERA has been collaborating with the Fraunhofer IOSB in the development of a radiative transfer model for few years. Next to maritime environment [20] , MATISSE has already been validated for spacebased observations [11] [21] as well as specific homogenous cloud models [16] [22] . As mentioned before, a need has been expressed for the use of heterogeneous clouds in the model. To do so, the model LUCI (for LUminance de CIrrus) is used with the implementation in input data based on various sources, such as the CNRM (Centre National de Recherche Météorologiques) and the LaMP (Laboratoire de Météorologie Physique). The package thus formed is called CERAMIC (Cloudy Environment for Radiance and MIcrophysics Computation).
The first section of the study is divided in three parts. Two of them describe the cloud data used as input. We start from the dataset from CNRM and then develop the cloud generator from the LaMP. A few examples are presented regarding the main variables used, the Ice Water Content (IWC) and the shape of the clouds (spatially and vertically). Then, the third part presents the model LUCI. The examples of clouds presented before are used in order to get radiance images displayed in the result section. The following section develops the spectral validation (in one dimension) using comparisons with the model MATISSE. Another model (SHDOM) is used for 3D comparisons. Finally, we conclude with the various possible implementations in the frame of future studies.
METHOD
The CERAMIC package developed by ONERA consists in a 3D cloud generator, a cloud database and radiance computation model that provides a spatial field including a Cirrus and the radiance corresponding according to the input parameters.
3DCLOUD generator
The 3DCLOUD model is a 3D microphysical generator which provides in fine cirrus-like cloud parameters (IWC for Ice Water Content and the effective radius Reff) based on the work of Szczap and al. [3] .
As a reminder, the effective radius is the mean radius calculated with the ponderation of the cross section of the drops. Over urban area, the effective radius is between 5 and 8 µm, 8 and 10 µm over continental area and 10 to 15 µm over oceans. For Cirrus, this size can reach 100 µm and more [4] . Cloud Ice Water Content (IWC) (for high clouds) is defined as cloud ice mass in unit volume of atmospheric air with values starting from 0.0001 g/m3 in thin Cirrus to 1 g/m3 inside convective core [5] . The vertical integration of the IWC is the Ice Water Path (IWP).
Input data are required, such as the atmospheric conditions, the spatial dimension and the optical thickness of the cirrus, the intensity of the vertical atmospheric stability and of the wind shearing, the heterogeneity factor (which corresponds to the standard deviation of the IWC normalized on the IWC average).
Statistical properties of the IWC and Reff have been validated using comparisons to in situ airborne measurements and to scientific literature. The number of pixels of the simulation domain should not exceed 200, 200 and 100 for x, y and z respectively. For example, a Cirrus of 50 km of spatial extension should not exceed a spatial resolution of 250 m. It has been proven that the spatial resolution has a significant effect on the spatial structure of the cirrus.
The characteristics used in 3DCLOUD to develop the model regarding the optical thickness according to the type of cloud are originating from Sassen [6] . Six AFRL (Air Force Research Laboratory) atmospheric profiles [7] were used as input data (temperature and atmospheric concentrations). ., 000 .,00
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The user ha The first (w2s2) corresponds to a medium wind shear intensity and atmospheric stability. The highest IWP forms the shape of the cloud. The blue holes form the holes of the cloud (but still with IWC as the minimum is different to zero) and they are bubbles-like shaped. If we increase the atmospheric stability (w2s3), we get a cloud field constituted with many single dots corresponding to the highest IWP.
On the contrary, if we increase the wind shear velocity (w3s2), the shape of the clouds will be elongated with a shape looking like cirrus uncinus. We notice that the output of 3DCLOUD is fully cloud covered. There are no hole in the spatial IWP created by the model.
DISCUSSION
CERAMIC package has been validated in 1D for the average contributors, the average total radiance and the transmittance by MATISSE code. It is a referency code in 1D, which has been validated code to code with MODTRAN4, and by comparison with MODIS images [11] [16] . The 3D fluctuations model for the multiple scattering has been compared to SHDOM outputs, 3D referency code which can accuracy computes 3D radiances. LUCI is less accurate than SHDOM, because of approximations made on modeling, but it is strongly faster than a 3D referency code.
1D validation
The 1D spectral validation is based on a comparison with MATISSE, standing for the Advanced Earth Modelisation for Imagery and Scene Simulation. Developped at ONERA, it provides radiance images including atmospheric emission and scattering, cloud scattering, ground reflexion and emission, atmospheric variability, using a Line-by-line (LBL) method and a K distribution method for solving IR radiative transfer [11] . 
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We represent on figure 6 (left) the total radiance observed from LUCI and MATISSE. This computation has been performed according to Fraunhofer's geometry and location needs. We have chosen a CNRM cloud for the atmospheric background. Although the results agree well, we notice a few differences (low and high values). This is explained from the differences of both models such as the microphysics in input data. These differences can be also observed with the transmittance (figure 6, right) with a strong gap at 3455 cm-1, that can be linked to the different clouds used.
On figure 7 are represented different contributors for the radiance using a different scenario. This one corresponds to SAMOTRAS study, conducted by ONERA [10] . On the left, the contributors correspond to the solar emission. From the top to the bottom are displayed the single scattering, the multiple scattering and the radiance emitted from the ground. On the right are displayed the corresponding contributors from the thermal emission. The correlation is strong between MATISSE and LUCI outputs. Few differences are observable for the solar single and multiple scattering around 3800 cm-1, and for the ground emission around 3400 cm-1. The corresponding total radiance is displayed on figure 8 along with the transmittance. Globally, a MATISSE
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We present effect. We observe that the shape of the radiance is coherent with the shape of the cloud. If we look at the maximum for each radiance, the CNRM cloud leads to a radiance maximum of 6.49x10-3 W/m2.sr and the cloud from 3DCLOUD 5.92x10-3 W/m2.sr which is very close. The minimum are respectively 4.1x10-4 W/m2.sr and 7.6x10-4 W/m2.sr.
Few examples of clouds outputs and their respective radiances are displayed on figure 12. On the left are presented the IWP previously displayed on figure 5, with the parameters described in the text.
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We present t results using g the cloud fro om the CNRM M and a cloud d generated by y 3DCLOUD. On figure 11 , the left par rt correspond d to the IWP of the cloud an nd the right pa art displays the e respective ra adiance. As expected, the radiance outputs are in correlation with the clouds inputs. The shape of the clouds has a strong importance in the radiance image.
Globally, we can notice that 3DCLOUD generator is well adapted to represent the elongated structures that are usually observed in Cirrus context.
CONCLUSION
The CERAMIC package presented in this study is composed of 2 different sources of clouds. One has been provided by the French CNRM and is related to a climatological study. The other source of clouds is the model 3DCLOUD. Developed at the LaMP, it provides a 3D field of IWC and effective radius. Both are used as input for the model LUCI which computes the solar and thermal radiance. It uses fast analytical method for the single scattering and a fluctuations-based model for the multiple scattering. The results of the CERAMIC package have been compared for validation to the model MATISSE and outputs of SHDOM. The results agree well and hints show possible ways to improve again the package for future version of CERAMIC.
